ABSTRACT The reproductive and developmental biology, including life tables, for Homalodisca vitripennis (Germar) (Hemiptera: Cicadellidae), the glassy-winged sharpshooter, were quantiÞed at four constant temperatures in the laboratory: 20, 25, 30, and 33ЊC. Mean time from egg oviposition to adult death and mean female adult longevity was greatest at 25ЊC. Mean total progeny production was greatest at 25ЊC at 214 eggs per individual. The percentage of females ovipositing at each experimental temperature was relatively low at 22, 46, and 56% at 20, 25, and 30ЊC, respectively. No oviposition occurred at 33ЊC. Upper, lower, and optimal developmental thresholds were calculated for all life stages, and for egg to adult emergence these were 35.95, 13.99, and 29.45ЊC, respectively. Key demographic parameters were calculated and intrinsic rate of increase and net reproductive rate were highest at 30 and 25ЊC at 0.04 and 40.21 d, respectively. Mean generation times and population doubling times were lowest at 25 (97.66 d) and 30ЊC (15.51 d). Modeling of demographic parameters indicated that approximately three generations of H. vitripennis per year are needed for the existence of permanent populations. Historical weather data were used to map the number of generations and estimate net reproductive rates for H. vitripennis throughout California. Data presented here will be useful for modeling and estimating the possible invasion success of H. vitripennis in areas other than California.
Understanding the reproductive and developmental biology of an organism is critical in estimating its potential to establish a population in an invaded area (Pilkington and Hoddle 2006a) . DegreeÐ day accumulation is the acquisition of thermal units above a critical minimum for which development is required over time, and with respect to different temperature regimens, this phenomenon has been used to predict aspects of insect developmental and reproductive biology (Baskerville and Emin 1969) . For invasive pests, environmental conditions of the receiving area, acting independently of other important factors such as host availability and natural enemies, may assist in the prediction of how vulnerable that region is to invasion (Sutherst 2000 , Baker 2002 ). Further, climatic conditions in the receiving area may cause incursions to be temporary due to unfavorable conditions for prolonged periods (Jarvis and Baker 2001 , Hoddle 2004 , Hatherly et al. 2005 or potentially permanent due to a compatible year-round environment for the pest (Sutherst 2000 , Baker 2002 , Hoddle 2004 . After establishment, favorable climatic conditions in turn drive pest phenology, population dynamics, abundance, and spread (Gutierrez et al. 2011) .
The glassy-winged sharpshooter, Homalodisca vitripennis (Germar) (Hemiptera: Cicadellidae), is an invasive pest native to the southeastern United States and northeastern Mexico, and has high agricultural importance because it transmits the xylem-dwelling bacterium Xylella fastidiosa, which causes numerous lethal maladies in various plants, including PierceÕs disease of grapes (Pilkington et al. 2005) . H. vitripennis is xylophagous and females lay eggs in clusters, often referred to as egg masses, on the undersides of leaves. Nymphs hatch from these eggs and pass through Þve nymphal instars before reaching the adult stage (Sé -tamou and Jones 2005) . After its accidental introduction into California and French Polynesia, H. vitripennis demonstrated high rates of population growth and rapidly spread throughout the invaded regions (Pilkington et al. 2005 ). In California, H. vitripennis has established itself in much of the southern part, including the counties of Los Angeles, Riverside, Orange, San Bernardino, and Ventura, and parts of Santa Barbara, Kern, Fresno, and Santa Clara Counties (California Department of Food and Agriculture [CDFA] 2013; Fig. 2A ). In some areas where populations are highly localized, as in San Luis Obispo, Tulare, Fresno, and Santa Clara Counties, eradication programs are ongoing and tentatively appear to have been successful in certain locations (e.g., San Luis Obispo; CDFA 2013). Favorable climatic conditions, a lack of effective natural enemies in the receiving range, abundant host plants, and no signiÞcant competitors in California and other invaded areas (e.g., French Polynesia) contributed to the high invasion success of H. vitripennis (Hoddle 2004 ).
Incursion success may be predicted a priori by examining how climatic variables, such as prevailing year-round temperatures, affect estimates of population growth, and subsequently, the likelihood that an organism will successfully spread to new areas by indicating geographical regions where climatic conditions are conducive to the establishment of permanent populations (Hoelmer and Kirk 2005) . Estimations of degreeÐ day requirements coupled with measures of reproductive biology, such as net reproductive rates (R o ), can be used to determine the temperature at which ranges are suitable for persistent year-round populations and the subsequent intensity of population growth. For example, laboratory studies across a range of temperatures on the development and reproduction of two species of mymarid egg parasitoid associated with H. vitripennis were used to develop thematic maps using climate data to determine potential geographic ranges of these natural enemies in California Hoddle 2006b, 2007) . Similar studies are lacking for H. vitripennis and represent a signiÞcant deÞcit in our fundamental understanding of the developmental and reproductive biology of this pest.
The aim of this work was to examine the developmental and reproductive biology of H. vitripennis under controlled temperatures in the laboratory and to generate estimates of key demographic parameters (e.g., net R o ) across a variety of temperatures. Using these demographic data and long-term climate records, the invasion potential of H. vitripennis in areas of California where this pest has not yet established was determined. These data were used to predict and map the number of H. vitripennis generations and subsequent net R o s for this pest using long-term historical weather data with geographic information system models. In addition, these laboratory-derived data for H. vitripennis are applicable to modeling for areas outside of California, especially major grape producing areas, to determine their suitability for invasion.
Materials and Methods

H. vitripennis
Colony Maintenance for Experiments. Potted, insect-free "Eureka" lemon trees, Citrus limon (L.) Burm., a cultivar preferred by H. vitripennis for egg laying (Irvin and Hoddle 2004) , were planted in 1-liter pots, watered twice during the Þrst week with fertilizer solution (Dynamite plant food; Enviro-Safe Laboratories Inc., Miami, FL) and subsequently refertilized every 6 mo. Trees were placed in two large (2.4 by 1.8 by 1.8 m) mesh-screened, walk-in cages located within a temperature controlled glasshouse (6.5 by 3. (Boyd et al. 2007 ) and allowed to oviposit. Bottle cages were observed daily, and females were removed once eggs had been laid. Egg hatch rates across temperatures were determined by daily observations for nymphal eclosion. Developmental times for 1,016 fertile eggs laid by H. vitripennis females across all experimental temperatures were recorded and used to calculate mean egg hatch times in days for each experimental temperature. At 20ЊC, data from 465 eclosed eggs were used to determine the average egg hatch times; at 25ЊC, 212 eggs eclosed; at 30ЊC, 202 eggs hatched; and at 33ЊC, 137 eggs eclosed. If additional nymphs were needed for nymphal developmental studies, eggs were hatched at speciÞc experimental temperatures but time to eclosion was not recorded. In total, 945 individual H. vitripennis nymphs that hatched from eggs laid by females at each experimental temperature were set-up individually on cow pea plants enclosed by a bottle cage to determine nymphal developmental times for each experimental temperature; 156 nymphs were set up at 20ЊC, 197 at 25ЊC, 323 at 30ЊC, and 269 at 33ЊC. Nymphs were monitored daily and developmental stage and survivorship rates were recorded for each temperature. Nymphs successfully reared to adults were sexed and kept at the same experimental temperature to calculate daily and lifetime fecundity and survivorship rates (both females only) on potted cowpea plants enclosed by bottle cages. Cowpea plants were replaced if they showed evidence of deterioration and H. vitripennis were transferred to these new plants.
Calculation of Demographic Growth Parameters. Time from oviposition to nymphal emergence, time of duration in each of Þve nymphal instars, daily adult survivorship rates and fecundity, and sex ratio of offspring at each experimental temperature were used to construct l m life tables from which demographic growth parameters were calculated. Only reproductive output data from adults that died naturally were used for calculation of demographic growth parameters. At 20ЊC data from 44 females were used, at 25ЊC from 90 females, and at 30ЊC from 113 females. At 33ЊC, only three H. vitripennis nymphs (Ϸ1%) of the 269 nymphs set-up on plants survived to adult emergence and this temperature was discarded from further analysis. Nymphs that passed successfully through life stages were used to calculate developmental times for each instar even if they did not develop to adults.
The following demographic parameters were calculated from l m life tables Hoddle 2006a, 2007) : (Birch 1948 ). 4. Finite rate of increase, ϭ exp(r m ) (Birch 1948) . 5. Population doubling time, T d ϭ ln(2)/r m (Carey 1989) .
Mean demographic parameter estimates with SEs were generated using bootstrap pseudoreplication of l m life table data. At each temperature, life tables and associated demographic parameters were constructed for each possible outcome for the random selection, removal, and replacement of individual females from the cohort of females that died from old age for each speciÞc experimental temperature. Females dying prematurely from other causes (e.g., drowning) or "disappeared" prematurely were discarded from these analyses. The new dataset that was calculated by bootstrapping contains many pseudoreplicates and no adjustment for the removed individual is necessary, although bias in the generated mean R o value (R o.adj ) is reduced with the equation: (Meyer et al. 1986) From this bootstrap analysis, mean and variance estimates for each demographic parameter of interest were calculated for H. vitripennis.
Mean adult longevity, preoviposition, total and mean daily progeny, mean development time, and sex ratio were compared across temperatures with analysis of variance using Genstat (2009) . Quadratic regression lines were Þtted to the pseudoreplicates for the demographic parameter means to estimate the affect of different temperatures outside the experimental temperature range using Microsoft Excel 2003 (Microsoft Corporation, 2010; Microsoft Corporation, Redmond, WA) .
Fitting the Modified Logan Model to H. vitripennis Data Sets. The modiÞcation by Lactin et al. (1995) to the Logan model (Logan et al. 1976 ) was used to regress developmental rate (1/d) with temperature for developmental data from individually reared H. vitripennis life stages at each experimental temperature,
where r(T) is the developmental rate at temperature T (ЊC); and , T max , ⌬, and are Þtted parameters (Lactin et al. 1995) . In the original Logan model, which has no parameter, T max was the upper developmental threshold. The Lactin modiÞcation used the parameter to estimate the lower developmental threshold. With the Lactin model in (1), the lower and upper developmental thresholds (LDT and UDT) can be found as the two solutions to the equation:
The optimal developmental temperature (T opt ) was solved for:
Consequently, Equations 1, 2, and 3 were used to estimate minimum, maximum, and optimal temperatures for the development of each H. vitripennis life stage. The thermal constant K, or degreeÐ day requirements for development of each life stage (Campbell et al. 1974) , was found as the reciprocal of the slope of the line joining the points (LDT, 0) and (T opt , r[T opt ]). This value can be shown to be
SE estimates for K were determined using the Delta Method (Casella and Berger 2002 ). Lactin models (1) were Þtted to all observations for each temperature by iterative nonlinear regression using PROC NLIN in SAS (SAS Institute 2008, SAS Institute, Cary, NC) using the Marquardt algorithm, where a grid of alternative starting values was used to select the optimal starting value, and nonnegative constraints on , T max , and ⌬ were set at each iteration. where is the daily average temperature at each weather station. The value for T num , the proportion of a generation that was completed at the prevailing average temperature for each weather station, was calculated for each 24-h period by taking the reciprocal of that dayÕs value for generation time calculated from the daily mean temperature at that weather station and then summing over 365 d (Pilkington and Hoddle 2006b Hoddle 2006b, 2007) . Consequently, climatedriven predictions from models developed here for H. vitripennis are directly comparable to data sets generated previously for natural enemies of this pest.
Calculation of the Number of H. vitripennis Generations by Location for Geographic
The number of generations estimated by degreeÐ day accumulation and generational turnover using the R o model as calculated for H. vitripennis from all weather stations were compiled into an Excel spreadsheet along with the location of the station in decimal degrees of latitude and longitude. The spreadsheet was imported into ArcGIS 10.1 (Environmental Systems Research Institute [ESRI] , Redlands, CA) and used for analyses. The estimated number of generations (T c ), and R o for H. vitripennis for each weather station were converted into an ArcGIS shapeÞle and latitudeÐlongitude coordinates were used to perform Teale Albers projections (ESRI 2012) .
The ArcGIS extension Geostatistical Analyst (ESRI, Redlands, CA) was used to generate interpolated grids for estimated values of the number of generations using degreeÐ days, and R o using an inverse-distance weighting algorithm that covered the entire state of California. The input parameters for the inverse-distance weighting analysis were:
1. For each interpolation, 15 weather station sites were used. 2. The spatial shape for including neighboring weather stations was designated to be circular as a directional inßuence in the data cannot be assumed a priori in these analyses. 3. The default Power Optimization in the Geostatistical Analyst was chosen. The "Power Value" is the distance weight given to a station used in the interpolation and is inversely weighted so that the contribution of more distant input stations to interpolation values at any given location is lessened with increasing distance. Tables and Developmental and Table 2 ).
Results
Partial Life
The preoviposition period ( Table 2 ).
Mean time (days) spent as an egg (Table 3) decreased signiÞcantly as temperature increased (F ϭ 2.614; df ϭ 3, 1012; P Ͻ 0.001). Time spent in all other life stages, including egg to adult, was signiÞcantly affected by temperature (Þrst to second instar: F ϭ 57.24; df ϭ 3, 664; P Ͻ 0.001; second instar: F ϭ 25.47; df ϭ 3, 568; P Ͻ 0.001; third instar: F ϭ 28.13; df ϭ 3, 499; P Ͻ 0.001; fourth instar: F ϭ 41.65; df ϭ 3, 360; P Ͻ 0.001; Þfth instar: F ϭ 58.54; df ϭ 3, 306; P Ͻ 0.001; egg to adult: F ϭ 568.47; df ϭ 3, 353; P Ͻ 0.001; Table 3 ).
Mean net R o (F ϭ 75423; df ϭ 2, 247; P Ͻ 0.001), intrinsic rate of increase (r m ) (F ϭ 133616; df ϭ 2, 247; P Ͻ 0.001), and Þnite rate of increase () (F ϭ 135854; df ϭ 2, 247; P Ͻ 0.001) were all signiÞcantly different ϭ apparent mortality (the proportion dying within that particular age class), and M r ϭ real mortality (the proportion dying within the age class calculated against the no. that entered the Þrst age class). H. vitripennis failed to reproduce at 33ЊC. Table 2 . Mean longevity (days ؎ SE; i.e., time in days from oviposition to adult death), mean adult longevity (days ؎ SE; i.e., time in days from emergence as an adult to death), mean preoviposition period (days ؎ SE), total progeny (؎ SE), mean daily progeny (؎ SE), mean developmental time (egg to adult emergence, days ؎ SE) and female sex ratio of progeny of female Homalodisca vitripennis at each experimental temp temperature, and the upper lethal threshold were estimated using the Logan model (Logan et al. 1976 ; Table 4 ). Another estimation of the upper developmental threshold, T max-modiÞed , for male and female life stages combined (Table 4) , was estimated by the Lactin model (Lactin et al. 1995) with parameter estimates from the modiÞed Logan model (Lactin et al. 1995 ) also presented. Two estimates of the thermal constant (Equation 4 and Campbell et al. [1974] ) represent the calculated degreeÐ days required for each life stage to reach completion and cumulatively across all immature stages (i.e., egg to adult; Table 4 ). Table Statistics . Maps delineating H. vitripennis actual (known for southern California) or potential (for central and northern California where this pest has not established permanent populations because of quarantine and eradication programs) establishment status (total, partial, or no establishment) in Californian counties were generated from California Department of Food and Agriculture records (Fig. 2A) (Fig. 2C) and indicated 3.5Ð 4.95 in generations in eastern Riverside County and the coastal counties of Santa Barbara and Ventura. Estimates of net R o were maximal at 40 Ð50 in the important grape growing regions of Fresno, Tulare, and Kern Counties (Fig. 2D) .
Mapping of Estimated Life
Discussion
This study has provided the Þrst parameter estimates for H. vitripennis developmental and reproductive biology across four constant temperatures (20, 25, 30, and 33ЊC) . These data now enable the use of modeling tools to more accurately predict invasion likelihood and establishment success of H. vitripennis in California and elsewhere. We used these data to calculate the potential number of generations a population may undergo in any given area of California (i.e., phenology) and potential net R o in these same areas, which is a measure of pest population growth and subsequent pressure (Hart et al. 2002) .
Prevailing climatic conditions strongly inßuence the ability of an invading insect to spread across a new geographic range, and incursion success, in the absence of temperature-derived demographic data, may initially appear unpredictable (Crawley 1987) . Although there is potential for the biological responses of an invading population to be difÞcult to predict, the impact of adverse weather conditions, especially extreme high or low temperatures, are known to have deleterious effects on incursion success and population permanency (Jarvis and Baker 2001) . The utility of laboratory-derived demographic parameters to model pest or natural enemy distributions using longterm weather records for an area of interest has been shown to reßect the known distribution of mymarid egg parasitoids of H. vitripennis Hoddle 2006b, 2007) . In the absence of demographic data across a variety of temperatures for H. vitripennis, climate-driven ecological niche models (Hoddle 2004) or weather-driven physiologically based demographic models have been used to predict distributions of this pest in California (Gutierrez et al. 2011) and elsewhere (Hoddle 2004) .
Current establishment of H. vitripennis in California ( Fig. 2A) shows areas where climatic conditions clearly favor permanent populations, especially in southern California where this pest is widely distributed and persistently problematic. Estimates for the yearly number of generations based on degreeÐ day calculations (Fig. 2B) indicate that the possible number of generations produced by H. vitripennis is reduced as populations move north out of the warmer southern counties of Riverside and San Diego and into areas with average annual temperatures that are lower, such as Mendocino, Napa, and Sonoma Coun- ties (major wine-producing regions) or Fresno and Tulare Counties (production areas for table grapes and raisins in the San Joaquin Valley). Estimates presented here indicate that in winter, populations of H. vitripennis may not be permanent in some northern areas of California. These Þndings, especially those pertaining to major wine-producing regions of northern California, support results from weather-driven physiologically based demographic models that also suggest that these regions are marginal for H. vitripennis (Gutierrez et al. 2011) .
The estimated number of generations per year based on the equation for T num , which was calculated using the daily average temperature indicates that H. vitripennis can range from zero to 4.95 generations (Fig. 2C) . This estimation of the number of generations differs considerably from estimations using degreeÐ days, which were calculated using maximum and minimum temperatures for each 24-h period, and indicated a maximum of 8.9 generations may be possible in some areas of southern California, in particular, the very warm regions of eastern and central Imperial County and eastern Riverside County. These discrepancies may be because of reproductive responses by H. vitripennis to shorter winter days, rather than the effects of suitable average daily temperatures on egg laying (see below).
The values returned for R o (Fig. 2D ) range from 0 to Ͼ40 and indicate that most counties in California may be suitable for H. vitripennis population growth for certain periods of the year, but rates may be reduced because of low nonlethal winter temperatures in northern California such as some coastal areas of Mendocino and southern areas of Sonoma Counties. The minimum number of generations required to produce a stable, persistent, H. vitripennis population was calculated to be 2.9 per year with more generations contributing to population growth. This Þgure of approximately three generations is consistent with work conducted by Hummel et al. (2006) where populations of H. vitripennis in Riverside, CA, were collected, dissected, and assigned an ovarian rank to assess local vitellogenesis cycles. Dissection results suggested that there are two distinct generations per year with an occasional third (Hummel et al. 2006) . Modeling work by Gutierrez et al. (2011) also predicted 2Ð3 H. vitripennis generations per year in southern California. Consequently, three different approaches (dissections; [Hummel et al. 2006 ], physiological modeling [Gutierrez et al. 2011] , and demographic modeling [this work]) assessing the number of H. vitripennis per year in southern California are in accordance predicting 2Ð3 generations per year. Importantly, the Þgures produced in this model reßect estimated demographic values across California based on averaged annual temperature data used in previous studies on natural enemies attacking the eggs of this pest Hoddle 2006b, 2007) , thereby enabling direct comparisons to previous studies.
This study estimated that the number of generations in Riverside, CA, would be approximately three when using the T num formula. Calculation of the number of generations using degreeÐ days was slightly higher with 4 Ð5 generations in the Riverside area. However, even though temperatures are theoretically favorable, H. vitripennis responds to shortening days over winter and largely ceases to lay eggs, thus it is unlikely 4 Ð5 generations per year occur (Hummel et al. 2006) . In southern California, most H. vitripennis females dissected between August and January (i.e., late summer and early winter) are either postvitellogenic (percentage in category Ϸ50 Ð 60%), previtellogenic (Ϸ20 Ð 40%), or vitellogenic (Ͻ10%; Hummel et al. 2006 ). This suggests that there is a very small proportion of the H. vitripennis population (Ϸ10%) that can lay eggs over the winter producing very low densities of H. vitripennis nymphs. Given this low occurrence, small population spikes over winter resulting from these reproductively active females would be extremely difÞcult to detect given the gross sampling techniques employed for monitoring H. vitripennis (i.e., yellow sticky cards or beat sampling). DifÞculty of detection would be further ampliÞed by parasitism of eggs by G. ashmeadi, the key natural enemy of H. vitripennis in southern California (Pilkington and Hoddle 2006a,b) , which would reduce nymph densities further, possibly subjecting these localized lowdensity winter populations to extinction because of unfavorable stochastic events (e.g., winter storms).
Previous studies using cowpeas have shown that oviposition by laboratory-reared H. vitripennis females on this host plant can be as high as 88% at a constant 27ЊC (Sé tamou and Jones 2005) . Approximately 56% of laboratory-reared females oviposited at temperatures averaging Ϸ25ЊC when greenhouse temperatures in which females were maintained ßuctuated from lows of Ϸ18ЊC to highs of Ϸ32ЊC (Sisterson 2008) . Although temperature ranges differed in these studies, they are supportive of similar data generated in this study, where successful oviposition from emerged adult females was in the range of 22Ð56%. Further, our study supports results reported by Sisterson (2008) that in the laboratory, H. vitripennis females are long-lived and that oviposition is discontinuous during the female life span.
Preoviposition periods for females in this study were unexpectedly high at 25ЊC, with females, on average, laying their Þrst eggs after 104 d. Sisterson (2008) reported similar results at temperatures averaging Ϸ25ЊC where 44% of females never oviposited, 19% oviposited within 40 d, and 37% oviposited after 40 d with a mean preoviposition period for this group being 124.4 d (Sisterson 2008) . In this study, at a constant 25ЊC, 54% of females never oviposited, 9% oviposited within 40 d, and 37% oviposited 40 d postadult-emergence. Results presented here reinforce the proposition that laboratory-reared H. vitripennis may demonstrate different ovarian maturation rates and oviposition propensities to Þeld populations. Further, egg-laying may be inßuenced, in part, by host plant (Chen et al. 2010) , mating status, and possibly the timing of mating and quality of males (Sisterson 2008) . Oviposition behavior and developmental and reproductive biology may be further affected by host plant species (Chen et al. 2010) . Three studies (Sé -tamou and Jones 2005, Sisterson 2008 , and this study) investigating aspects of H. vitripennis developmental and reproductive biology in the laboratory used cowpeas as host plants. Sisterson (2008) indicated that cowpea was likely a better host plant than sorghum for these types of studies, while Chen et al. (2010) indicated sunßowers are good hosts. In the laboratory, only four plant species are known to support complete development of H. vitripennis from egg to adult with subsequent reproduction by adults on the same host plant on which they were raised, namely, these are cowpeas, sunßowers, chrysanthemum, and soybean (Chen et al. 2010) .
H. vitripennis females enter the adult stage with zero mature eggs to oviposit (Sisterson 2008) , hence they are synovigenic (i.e., egg production continues over the life of the female as opposed to proovigenic where females emerge with a full complement of mature eggs) suggesting that adult resources are important for maturing eggs after emerging as adults (Sisterson 2008) . Therefore, it is possible that choice of host plant for these types of studies with H. vitripennis may have signiÞcant effects on parameter estimates across different temperatures and results from laboratory studies using cowpeas may not be representative of Þeld-based population growth.
Despite using highly regulated temperature and light-controlled conditions in greenhouses and temperature cabinets, laboratory-reared H. vitripennis populations used in this study may have been subjected to uncontrollable seasonal inßuences that impacted results in undetermined ways. For example, longevity can be affected by up to 100% between summer and winter Þeld populations, a trait that does not appear to be inßuenced by the controlled environments (Lauziè re and Sé tamou 2010). This study was run continuously between April 2006 and May 2008 and could have been affected by unrecognized seasonal ßuctuations. This variation because of seasonal changes may also be evident in preoviposition rates, but not in estimates of overall female fecundity (Lauziè re and Sé tamou 2010).
In conclusion, modeling of laboratory-derived demographic parameters indicated that in addition to southern California, much of coastal and central California is susceptible to invasion and the establishment of permanent populations of H. vitripennis may be possible. These results support ongoing management practices by the California Department of Food and Agriculture to maintain these susceptible areas as pest-free via inspections of nursery shipments that originate in southern California and eradication of incipient H. vitripennis populations in vulnerable areas when detected. Data presented here on the developmental and reproductive biology of H. vitripennis across a range of temperatures will be useful for modeling and estimating the possible invasion success of H. vitripennis in areas other than California, especially incursion susceptibility in areas with important grape producing industries, which has been estimated previously using ecological niche modeling in the absence of biological data (Hoddle 2004) .
